. In addition, long-term use of aspirin in both women and men is associated with a 40% decrease in risk for fatal colon carcinoma (Thun et al., 1991 (Thun et al., , 1993 et al., 1990) . The effects of NSAIDs, both therapeutic and toxic, can be attributed to a decrease in the production of prostaglandins (Vane, 1971; Flower, 1974 These prostaglandin synthases are the primary enzymatic targets for NSAlDs (Flower and Vane, 1972; Flower et al., 1972; Dewitt et al., 1993) . We refer to the two prostaglandin synthase isoforms as cyclooxygenase 1 (COX-1) and cyclooxygenase 2 (COX-2); their respective genes in the mouse are prostaglandin synthase 1 (Pfgs7) and 2 (Ptgs2).
COX-1 and COX-2 are similar in both amino acid sequence and enzymatic function (O'Banion et al., 1992; Ryseck et al., 1992; Fletcher et al., 1992; Hsi et al., 1994 ) although their physiologic functions are thought to be quite different (Smith et al., 1994) .
COX-1 is constitutively expressed in most tissues (Simmons et al., 1992; O'Neill and Ford-Hutchinson, 1993 ) but at different levels in various cell types. Enzyme expression usually remains atfairlyconstant levels, although dramatic changes can occur in certain cells after stimulation with growth factors or other agents (Dewitt, 1991; Smith et al., 1993) . lmmunofluorescence data indicate that COX-I is the isoform expressed in kidney, stomach, vascular smooth muscle (Smith et al., 1994) , and platelets (Funk et al., 1991) . COX-2 has a markedly different expression pattern. Normally, the enzyme is undetectable in most tissues, but it can be expressed at high levels in macrophages and certain other cell types after induction with a variety of substances, including inflammatory mediators and mitogens (Lee et al., 1992; Fu et al., 1990; Evett et al., 1993; Kujubu et al., 1991; Masferreret al., 1992; Sanoet al., 1992; O'Sullivan et al., 1992a O'Sullivan et al., , 1992b . The inhibition of COX-2 expression by anti-inflammatory glucocorticoids lends further credence to a presumed role for COX-2 in inflammation (O'Banion et al., 1992; Kujubu et al., 1991; Kujubu and Herschman, 1992; Masferrer et al., 1992) . COX-2 is also found to be up-regulated in human colorectal adenomas and adenocarcinomas (Eberhart et al., 1994 et al., 1993; O'Neill et al., 1994; Cromlish et al., 1994 The fold increase in PGEz levels from peritoneal macrophages after induction with LPS are depicted by the bars. This was calculated by dividing the levels after induction by the levels before induction. (+I+) and (-I-) denote data from wild-type and homozygous mutant F2 mice, respectively. et al., 1994; Stroebel and Goppelt-Struebe, 1994) . Salt-restricted diets also alter the intrarenal distribution of COX-2 and cause an increase in its expression (Harris et al., 1994 This leads first to hypertrophy and eventually to glomerular sclerosis (Brenner, 1985) . (Brenner, 1985) . It is most severe when the reduction in nephrons occurs early (Celsi et al., 1986) . (Fletcher et al., 1992) , which are highly conserved between species but not between COX-1 or COX-2, were chosen for PCR primers to generate the PtgsP probe. The primers used were from the 5' region of exon 10 (GAGAAGGAAATGGCTGCACA) and the 3' region of exon 10 coding sequence (TTACAGCTCAGTTGAACGCCT); the resulting probe corresponds to amino acid residues450-585 (Fletcher et al., 1992) . Genomic DNA was isolated from E14TG2a mouse ES cells (Hooper et al., 1987) and digested with Bglll. Fragments from lo-20 kb in length were isolated and used to make a library in h phage Charon 35. A murine Ptgs2 cDNA probe (provided by Dr. D. Young, University of Rochester) was also used in the screening process. Clones covering the entire gene coding sequence were isolated, and two EcoRl fragments that contain all but the most 3' portion of the gene were subcloned. A 8.0 kb EcoRl fragment (containing exon 1 through the 5' part of exon 8) and a 1.8 Kb BstXI-EcoRI fragment (containing a 3' portion of exon 8, exon 9, and a 5'part of exon 10) were used to create the targeting vector (see Figures 1 A and 1 B) .
LPS
Cell Culture, Electroporation, and Selection BK4cells (asubcloneof E14TG2a, provided by Dr. B. Koller, University of North Carolina at Chapel Hill) were cultured on murine embryonic fibroblasts in DMEM-H (Life Technologies) supplemented with 15% fetal bovine serum (Life Technologies), 100 pM P-mercaptoethanol, and 2 mM L-glutamine.
The cells were trypsinized and resuspended in 0.4 ml of DMEM. Electroporation was carried out in the presence of 2-5 nM targeting construct DNA that had been linearized with Sacll; a 1 s discharge from a 200 I.IF capacitor charged to 300 V was used. Selection with G418 and ganciclovir was carried out as described by Mansour et al. (1988) .
Half of each clone was picked using a micropipette and placed in a 24-well tissue culture plate overnight. The next day, the colony was trypsinized and expanded for use or was frozen in 50% serum, 40% DMEM, and 10% DMSO at -8OOC. The other half of the clone was utilized for genotypic PCR analysis.
Genotype Analysis by PCR and Southern Blotting Potential recombinant clones were initially screened by recording the presenceof a PCR product diagnostic for acorrect homologous recombination event (Kim and Smithies, 1988) . The two primers used were derived from the Neo gene (ACGCGTCACCTTAATATGCG) and from a 3' region of exon 10 that was not included in the targeting construct (AGATTGTTGTCAGTATCTGCC) (see Figure 1C) . DNA from clones that had undergone homologous recombination (as judged by the amplification of the correct PCR fragment) were then used for Southern blot analysis to confirm that PtgsP had been disrupted. Genotypes of mice were determined using DNA isolated from tails. Genomic DNA totaling 8-10 Kg was digested with Sacl overnight and applied to a 0.8% agarose gel. After separation using agarose gel electrophoresis, the DNA was transferred to Hybond nylon membrane. Membranes were probed with a 2.1 kb Sacl fragment from the Ptgs2 cDNA clone, labeled with 32P. The Sacl cDNA probe used is contiguous with exons 8 and 9 and the 5'portion of exon 10. Membranes were then washed and exposed overnight to Kodak XAR film with an intensifying screen.
Microinjection
and Derivation of Mutant Mice Cells from two independent targeting events were microinjected into 86 host blastocysts and implanted in pseudopregnant female recipients to generate chimeric mice. Two male mice transmitted the 129 genome to their progeny, and both were bred to B6 females. The heterozygous Fl progeny carrying the disrupted Ptgs2 gene were then interbred to give F2 mice, which were used for further studies.
Induction
of Macrophages with LPS and Measurement of PGE* Levels Macrophages were isolated by peritoneal lavage using 3 x 5 ml of sterile cold RPM1 1640 medium. Resident macrophages were seeded 1 x IO7 to 1.5 x 10' cells per 60 mm dish and then placed in a humidified incubator with 5% CO, for 2 hr. Cells that attached to the plate were counted using an eyepiece micrometer.
Medium was removed, and the cells were washed with serumless medium. Cells were then incubated in medium containing 10 VM AA for 30 min. PGE? production was measured using a competitive radioimmunoassay (Amersham).
Northern
Blotting of Macrophages Induced with LPS Total RNA was isolated from plated macrophages using TRlzol (Life  Technologies) as recommended by the manufacturer. Each sample (5 Kg) was electrophoresed in a 2.2 M formaldehyde-l% agarose gel, transferred to Hybond nylon membrane, and probed using a 2.1 kb Sacl fragment from the PtgsP cDNA clone, labeled with 32P. The membrane was then washed and exposed overnight to Hyperfilm MP with an intensifying screen.
Western
Blotting of Macrophages Induced with LPS Cells were washed with ice-cold PBS, lysed in sample buffer (100 mM Tris-HCI [pH 6.8],8% SDS, 6% 2-mercaptoethanol, 0.05% bromophenol blue, 20% glycerol), and boiled. Protein (5 wg) was separated by SDS-PAGE and transferred onto Hybond-ECL nitrocellulose. Membranes were blocked for 1 hr using 5% nonfat milk in Tris-buffered saline with 0.1% Tween 20 (TBST). After washing with TBST, blots were incubated overnight with a rabbit antibody against murine COX-2 (Cayman Chemical) or COX-I (Morita et al., 1995) in TBST with 1% nonfat milk. Blots were again washed to remove unbound anti-COX-2 or anti-COX-1 antibody and subsequently incubated with anti-rabbit IgG horseradish peroxidase-linked secondary antibody (Boehringer Mannheim) in TBST with 1% skim milk for 1 hr. Chemiluminescence was used to expose Hyperfilm-ECL according to the instructions of the manufacturer (Amersham).
Mouse Ear Inflammation Assay AA (2 mg per 10 ~1) or TPA (1 pg per 10 ~1) in acetone was applied to the inside of the left ear and 10 pl of acetone was applied to the rightearasdescribed byopasetal. (1985) . Earswellingwas measured after 2 hr or 7 hr for AA or TPA, respectively (Gad et al., 1986) . the efforts of B. Gaul for necropsy assistance, as well as the efforts of the National Institute of Environmental Health Sciences histology lab. This work was supported by grants GM20069 and HL49227 from the National Institutes of Health to 0. S.; S. G. M. is an American Cancer Society fellow (#PF-3973). We gratefully acknowledge a grant from the W. M. Keck Foundation to the University of North Carolina to support work with animal models.
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